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Abstract 
The harmful effects of ultraviolet radiation on aquatic animals, due to ozone layer 
reduction, have been long studied in recent years. Exposure of Rainbow Trout larvae 
(Oncorhynchus mykiss) to Ultraviolet-B radiation (UV-B) at different doses (68.75 µw/cm2 
and 94.83 µw/cm2 as the minimum and maximum dose of UV-B in natural environment 
respectively) for 15 minutes once a day in dark condition in comparison to control group 
(without any solar or UV) showed a wide variety of body abnormalities and eye damages. 
Body curvature, yolk sac edema, fin blistering, dwarfism, eye and head abnormalities as 
morphological malformations were revealed during the experiment, none of the 
malformations were observed in control group. Histopathological changes in retina such as 
irregular and discontinues pigmented epithelium, necrosis of photoreceptors and degeneration 
of nucleus layers confirmed the destructive effects of UV-B radiation in the eyes of Rainbow 
Trout. Such changes in larvae can be valid as bio-indicator for pollution and UV radiation and 
also introduce fishes as model for toxicological studies. 
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Introduction 
Ultraviolet radiation (UV) according to 
wavelength can be subdivided into three types: 
UV-A (315-400 nm), UV-B (280-315 nm), and 
UV-C (100-280 nm) Arrigo (1995). Ozone 
layer protects the earth from penetrating of UV 
radiation. Over the last decades, due to 
stratospheric ozone depletion and global 
climate changes, the amount of UV with short 
wavelength reaching the earth's surface has 
increased (Meyer-Rochow, 2000; Palancar and 
Toselli, 2004). Because of high speed 
penetrating of UV in aquatic environments, 
these ecosystems are significantly vulnerable 
(Häkkinen and Oikari, 2004; Osman et al., 
2010). Extensive research has shown that UV-
B radiation has variety adverse effects on 
aquatic animals (Zagarese and Williamson, 
2001; Sharma et al., 2005; Grad et al., 2003; 
Alemanni et al., 2003)  ranging from molecular 
and tissue damages to population levels 
Armstrong et al. (2002). This dangerous 
radiation is able to contribute in a wide variety 
of malformations in aquatic animals (Alemanni 
et al., 2003; Grad et al., 2003; Sharma et al., 
2005; Romansic et al., 2009; Mahmoud et al., 
2009; Zagarese and Williamson, 2001). 
Previous studies have shown that light 
intensity induces severe damages in those 
organs, which are more exposed to UV 
radiation including eye Ham et al. (1976) . Eye 
is an important organ in fish and plays a 
crucial role in many guiding behaviors such as 
foraging, mating and navigation. The 
vertebrate retina as a part of the central 
nervous system serves an effective function in 
vision by converting captured light rays to 
electrical impulses Ham et al. (1976). It seems 
that exposure to UV-B radiation can cause 
irreparable damages in retina layers Lanum 
(1978). 
Rainbow Trout (Oncorhynchus 
mykiss) is largely used in aquaculture in many 
countries. Rainbow Trout farming is an 
important contributor to the aquaculture 
industry in Iran. The economic importance of 
this species has tremendously increased in 
recent years as a result of its extensive use in 
aquaculture. Moreover, Rainbow Trout has 
been used in fundamental researches because it 
has a documented biology, short period of 
development and easy to reproduce all year 
round. Thus, it is a suitable model for study the 
embryonic stages of aquatic animals. 
Due to less protection mechanisms at 
early larval stage, sensitivity of aquatic 
animals to all kind of environmental stressors 
is higher in this period than other growing 
stages Häkkinen et al. (2002).  
The purpose of the present study is to 
focus on the adverse effects of UV-B on early 
developmental stages of Oncorhynchus mykiss 
in laboratory condition. We investigate 
morphological changes and retina structure 
before and after UV-B exposure.  
 
Materials and methods 
New hatching larvae of Oncorhynchus 
mykiss were transferred from Sardar Jangal 
Aquaculture Center located in 3000 road to 
Iranian Coldwater Fishes Research Center 
(CFRC) at Tonekabon in Mazandaran Province 
in Iran. Fishes were maintained in tanks 
continually supplied with fresh water (9°C). 
After 24 hours acclimation to laboratory 
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condition, they were randomly divided into 3 
groups (1000 larvae in each group) and 
transferred to three experiment tanks. Each 
unit was divided to three subunits (350 larvae 
in each subunit) as well. Aquaria were covered 
with black plastic sheets to prevent any effects 
resulting from exposing solar light. All fish 
specimens were kept in similar laboratory 
condition (temperature: 9-11°C, dissolved 
oxygen: 7.7 mg/L, pH: 8.4, conductivity: 51 
µs/cm). 
To attain a suitable level of UV-B 
radiation for the following laboratory study, 
the strength of UV-B in normal sunlight was 
calculated in the natural environment. 
Maximum intensity of UV-B in sunlight found 
in the natural environment was 94.83 uw/cm2 
and this dose of UV-B was used as the high 
dose of UV-B during the experiment 
Ghanizadeh Kazerouni and Khodabandeh 
(2010). The second group of specimens was 
exposed to the lowest level of UV-B intensity 
measured in the natural environment, which 
was 68.75 uw/cm2  Ghanizadeh Kazerouni and 
Khodabandeh (2010). Larvae without any UV-
B exposure served as the control group. The 
duration of exposure was 15 minutes. The fish 
were exposed to UV-B using a lamp 
(TUV/8W/G8T5/PHILIPS). Randomly 
sampling was done 2 hours after UV-B 
exposure every day separately for both 
morphological and histological studies during 
9 days experiment. 
Malformations were recorded every day 
after exposure using a dissecting microscope 
(Motic DS-2). 
Fixed specimens were dehydrated and 
subsequently embedded in paraffin. Sagittal 
and transverse serial sections were cut by 
rotary microtome (MICRODS 4055) at 4-7µm 
thicknesses. Hematoxylin and Eosin (H&E) 
stained sections were then studied using light 
microscope (Nikon, Japan) (Martoja and 
Martoja-Pierson, 1967; Ghanizadeh Kazerouni 
and Khodabandeh, 2010). 
The data was analyzed by image tool, 
excel, one-way ANOVA and Tukey’s test at 
0.05 level of significance. 
 
Results 
In the UV-B treatments five categories of 
deformities such as; body curvature, yolk sac 
edema, fin blistering, dwarfism, eye and head 
abnormalities in comparison with control 
group were observed (Fig. 1 a-f). Some of the 
affected larvae had combination of 
abnormalities.  
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Figure 1: Developmental stage of Oncorhynchus mykiss showing (a) 1st day APFS (b) 4th day 
APFS (c) 6th day APFS (d) 8th APFS (e), (f) 9th APFS. YS = Yolk Sac, DF = Dorsal Fin, 
CD = Caudal Fin, VF = Ventral Fin, EY = Eye, APFS = After Post-Fertilization Stage 
Body curvature: The most frequently 
morphological malformation was notochord 
curvature. Different types of body curvature  
 
were observed such as; Lordosis (Fig. 2a), 
Kyphosis (Fig. 2b), Lateral flexion (Fig. 2c) 
and body curling (Fig. 2d).  
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2: Notochord malformations (body curvature) of Oncorhynchus mykiss larvae after 
exposure to UV-B showing (a) lordosis (2nd day APFS exposed to lower dose of UV-B 
radiation 68.75 µw/cm2), (b) kyphosis (2nd day AFPS exposed to lower dose of UV-B 
radiation 68.75 uw/cm2), (c) lateral flexion (7th day APFS exposed to higher dose of UV-
B radiation 94.83 uw/cm2), (d) body curling (3rd day APFS exposed to higher dose of 
UV-B radiation 94.83 uw/cm2). APFS= After Post Fertilization Stage, UV-B= 
ultraviolet-B 
(c) DF (a) (b) 
(d) (e) (f) 
YS 
DF 
CF 
EY 
YS 
VF (a) (b) (c) 
(a) Lordosis (b) Kyphosis 
 
(c) Lateral felxion (d) Body Curling 
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Yolk sac edema: As can be seen in Figure 
3, the fish larvae exposed to UV-B radiation 
showed different kinds of yolk sac deformities 
during the experiment. Balloon-shaped edema 
(Fig. 3a), oval-shaped edema (Fig. 3b) and 
irregular-shaped yolk sac (Figs. 3c-f) were 
observed. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3: Yolk sac edema in the Oncorhynchus mykiss larvae after exposure to UV-B showing (a) 
Balloon- shaped edema (2nd day APFS exposed to lower dose of UV-B radiation 68.75 
uw/cm2), (b) Oval- shaped edema (3rd day APFS exposed to lower dose of UV-B 
radiation 68.75 uw/cm2), (c,d,e,f) Irregular-shaped edema (9th, 2nd, 8th and 2nd day APFS 
to higher dose of UV-B 94.83 uw/cm2 respectively). APFS= After Post-Fertilization 
Stage, UV-B= Ultraviolet-B 
Fin blistering: Compared with control 
group, the fins were degenerated and blistered 
in UV-B treatments (Figs. 4a-c). 
Eye and head abnormalities: The fish 
larvae affected by UV-B radiation showed 
wide variety of abnormalities on head and eye  
(Fig. 5). In some cases in higher dose of UV-B 
94.83 uw/cm2, head was divided in two parts 
(Fig. 5a). The lack in properly growth of eye 
and head (Figs. 5b-d) were recorded.  
Dwarfism: Dwarfism was observed in UV-
B treatments. The fish larvae in two UV 
exposed groups did not grow very well and 
compared with unexposed group were much 
shorter in the same development stages (Figs. 
6a-c). 
In control group, histological micrographs 
of the eye in larvae of Oncorhynchus mykiss 
showed five distinct layers (Figs. 7a,b). In this 
group, larvae had healthy eyes with well-
(a) (b) (c) 
(d) (e) (f) 
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differentiated layers, uniform pigment 
epithelium (Fig. 7 c,d). In contrast, the exposed 
larvae showed the different degree of damages 
correlated with UV-B doses. The intensity of 
damages in higher dose of UV-B was more 
than lower dose. The irregular and 
discontinues pigmented epithelium was 
recorded in UV-B treatments (Fig. 8 a,b). The 
photoreceptors layers showed a high degree of 
necrosis (Fig. 8 a) and also the length of these 
cells decreased during the experiment. In the 
larvae affected by UV-B radiation, the inner 
and outer nucleus layer and ganglion cells 
exhibited degeneration as well as necrosis (Fig. 
8 c-f). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4: Fin blistering in the Oncorhynchus mykiss larvae exposed to UV-B showing (a) fin 
blistering (5th day APFS exposed to higher dose of UV-B radiation 94.83 uw/cm2), (b) 
fin blistering (7th day APFS exposed to lower dose of UV-B radiation 68.75 uw/cm2), (c) 
fin blistering (9th day APFS exposed to higher dose of UV-B radiation 94.83 uw/cm2), 
APFS= After Post-Fertilization Stage, UV-B= Ultraviolet-B 
 
 
 
 
 
 
 
 
 
 
 
(a) 
(b) 
(c) 
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Figure 5: Head and eye abnormalities in the Oncorhynchus mykiss larvae exposed to UV-B 
showing, (a) eye deformities (5th day APFS exposed to higher dose of UV-B radiation 
94.83 uw/cm2), (b) eye damage (7th day APFS exposed to higher dose of UV-B 
radiation 94.83 uw/cm2), (c) eye damage (4th day APFS exposed to higher dose of UV-
B radiation 94.83 uw/cm2), (d) head and eye deformities (2nd day APFS exposed to 
lower dose of UV-B radiation 68.75 uw/cm2), APFS= After Post-Fertilization Stage, 
UV-B= Ultraviolet-B  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6. Dwarfism in the Oncorhynchus mykiss larvae after exposure to UV-B showing (a) 
dwarfism (2nd day APFS exposed to lower dose of UV-B radiation 68.75uw/cm2), (b) 
dwarfism (5th day APFS exposed to lower dose of UV-B radiation 68.75uw/cm2), (c) 
Dwarfism (5th day APFS exposed to higher dose of UV-B radiation 94.83uw/cm2), 
APSF= After Post-Fertilization Stage, UV-B= Ultraviolet-B 
(a) (b) 
(c) (d) 
(a) 
(b) 
(c) 
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Figure 7: Histology of eye in the Oncorhynchus mykiss larvae in control group showing (a) 
sagittal section through the eye, (b,c,d) sagittal section through retinal layers, PE= 
pigment epithelium, L= lens, RL= retina layers, GCL= ganglion cell layer, INL= inner 
nucleus layer, PR= photoreceptor, ONL= outer nucleus layer  
 
 
 
 
 
 
 
 
 
 
 
PE 
RL 
PE 
PR 
INL 
ONL 
GCL 
(a) 
(b) 
(c) 
(d) 
L 
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(b) (a) 
ONL 
 
PR 
 
ONL 
 
GCL 
 
GCL 
 
(c) 
(e) (f) 
(d) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 8: Histological lesion of the eye in Oncorhynchus mykiss larvae after exposure to UV-B 
showing, (a) sagittal section through retinal layers exposed to lower dose of UV-B 
radiation 68.75 uw/cm2, (b) sagittal section through retinal layers exposed to higher 
dose of UV-B radiation 94.83 uw/cm2, (c) sagittal section through retinal layers exposed 
to lower dose of UV-B radiation 68.75 uw/cm2, (d) sagittal section through retinal layers 
exposed to higher dose of UV-B radiation 94.83 uw/cm2, (e) sagittal section through 
retinal layers exposed to lower dose of UV-B radiation 68.75 uw/cm2, (f) sagittal section 
through retinal layers exposed to higher dose of UV-B radiation 94.83 uw/cm2, PE= 
pigment epithelium, L= lens, RL= retina layers, GCL= ganglion cell layer, INL= inner 
nucleus layer, PR= photoreceptor, ONL= outer nucleus layer  
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Discussion  
The negative effects of UV-B exposure 
are well-documented phenomena, and aquatic 
environments and species are important targets 
for this radiation (Alemanni et al., 2003; Grad 
et al., 2003; Häder et al., 2007; Häder et al., 
1998; Krapp et al., 2009; Sinha and Häder, 
2002; Zepp et al., 2007). 
The embryos and larvae of many aquatic 
species are more sensitive to environmental 
stressors, like increased UV-B incidence, than 
are individuals in late life stages (Bancroft et 
al., 2007; Charron et al., 2000). The present 
results indicate the sever UV-B effects in 
morphology and histology of O. mykiss. Our 
data shows that UV-B dose employed in this 
study has very severe harmful effects during 
embryos stages, which is similar to other 
studies (Bonaventura et al., 2006; Nahon et al., 
2010). It was reported in Bonaventura et al. 
(2006) study that after exposing embryos of 
the sea urchin (Paracentrotus lividus) to UV-B 
radiation, the developmental stages delays and 
severe morphogenetic abnormalities are 
observed. Nahon et al. (2009) also 
demonstrated that embryos of the Sea urchin 
(Sphaerechinus granularis) developed more 
slowly after UV-B irradiation.  
UV radiation of solar or artificial origin 
carries potential risks to morphology and 
histology of different fish organs (Setlow and 
Woodhead, 1994; Setlow et al., 1993; 
Mahmoud et al., 2009). Our results also show 
that UV-B increases the prevalence of 
deformities in Rainbow Trout larvae including 
eye and head damages, yolk sac edema, body 
curvature of larvae, larval dwarfism, notochord 
collapse, histopathological changes in retina. 
Many deformities involved with 
notochord produced during the exposure to 
UV-B, which is similar to the results of  
Blaustein et al. (1995) on long Toed 
salamander (Ambystoma macrodactylum) 
embryos exposed to ambient UV-B.  Romansic 
et al. (2009) also suggested that UV-B 
radiation causes many body abnormalities in 
Cascades frog (Rana cascadae) larvae 
involved with tail such as lateral flexure and 
body curling. Considerable amount of research 
has been conducted addressing similar 
observational damages by different toxicants in 
many aquatic species (Weis and Weis, 1977; 
Marty et al., 1990; McFadzen et al., 2000; 
Miner et al., 2000; Chan et al., 2001; Nguyen 
and Janssen, 2002; Browman et al., 2003; 
Hallare et al., 2005; Osman et al., 2010) . The 
stress-induced changes were more pronounced 
in the early embryonic stages of fishes (Hallare 
et al., 2005; Osman et al., 2010; Mekkawy et 
al., 2010). These damages could be due to the 
absorption of UV-B by biomacromolecules 
like proteins and nucleic acids (internal UV-
photon absorber)  Obermüller et al. (2007) and 
indirect genotoxic and cytotoxic effects of UV 
via sensitizers Yu et al. (2006). These 
photobiological activities reflected by 
morphological and histological changes are 
mediated by reactive oxygen species in 
addition to mutagenic oxidative DNA damage 
Tarozzi et al. (2005). The UV-B induced 
morphological and pathological changes 
recorded in the present work confirm the photo 
inhibition of the antioxidant defense system of 
UV-B-induced Rainbow Trout larvae. 
This study focuses mostly on the effects 
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of Ultraviolet radiation on Rainbow Trout as 
an economic species, specifically on eye as an 
important organ in fish. Because Rainbow 
Trout is a cosmopolitan fish and the effects of 
UV-B radiation on this species have not been 
studied so far. This research can be used as a 
model to evaluate the effects of UV radiation 
on aquatic environments. 
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